Recurrent anterior shoulder dislocation is a common injury that typically occurs with labral or capsular injury as well as bony lesions of both the glenoid and humeral head.[@bib1], [@bib2] A common pathology of anterior shoulder dislocation, Hill-Sachs lesion was first described in 1940 as the impression left by dense cortical glenoid bone on cancellous bone of the posterosuperior humeral head.[@bib3] In 2000, Burkhart and De Beer[@bib4] described the "engaging" Hill-Sachs lesion, which refers to a lesion that engages the rim of the glenoid when the shoulder is in abduction and external rotation. Recently, Yamamoto et al.[@bib5] expanded the concept of "engagement" by describing the "glenoid track" as the area of the humeral head that contacts the glenoid, and noting that this footprint shifts with increased abduction, external rotation, and extension of the shoulder. The contact line of the anterior glenoid rim on the humeral head forms the medial edge of the glenoid track. When the medial edge of the Hill-Sachs lesion lies lateral to the medial edge of the glenoid track, the lesion is defined as on-track and nonengaging; on the contrary, when the medial edge of the Hill-Sachs lesion lies medial to the medial edge of the glenoid track, the lesion is defined as off-track and engaging.[@bib6]

A variety of open or arthroscopic techniques have been introduced to treat "engaging" Hill-Sachs lesions, including humeroplasty or disimpaction that may only be possible in acute setting,[@bib7], [@bib8] rotational humeral osteotomy with the risk of nonunion and malunion,[@bib9], [@bib10] and arthroplasty (resurfacing arthroplasty, hemiarthroplasty) with the risk of prosthetic loosening.[@bib11], [@bib12] Arthroscopic remplissage,[@bib13], [@bib14] which has gained popularity because of its simplicity and good biomechanical and clinical outcomes, may not be suitable for throwing athletes because of consequent external rotation limitation,[@bib15] and is more applicable for shallow defects. Humeral head augmentation to restore native anatomy using osteochondral bone plugs or size-matched bulk allograft transfer is more suitable for deep defect.[@bib16]

This Technical Note will describe a humeral head augmentation technique, an arthroscopic approach of humeral head bone grafting for the treatment of a deep Hill-Sachs lesion in a patient with anterior shoulder instability. The indication of the current technique is an off-track Hill-Sachs lesion that is at least 8 mm in depth and 10 mm in width. The contraindications of this technique include an on-track Hill-Sachs lesion that is less than 8 mm in depth and less than 10 mm in width ([Table 1](#tbl1){ref-type="table"}).Table 1Indication and ContraindicationAttributes of a Hill-Sachs LesionOn-/Off-trackDepthWidthIndicationOff-track≥8 mm≥10 mmContraindicationOn-track\<8 mm\<10 mm

Surgical Technique {#sec1}
==================

Preoperative Planning {#sec1.1}
---------------------

Before surgery, magnetic resonance imaging and computed tomography are routinely performed. A 3-dimensional reconstruction of the computed tomography image is created. The size of the Hill-Sachs lesion is measured on the images via reconstructed contours of the humeral head ([Fig 1](#fig1){ref-type="fig"}). When the depth and width of the Hill-Sachs lesion reach 8 and 10 mm, respectively, humeral head bone grafting is considered.Fig 1Preoperative computed tomography scans. (A) Cross-section of the left shoulder, showing a Hill-Sachs lesion measuring 14.9 mm in depth. (B) Three-dimensional reconstruction of the humeral head, showing the defect.

Surgical Procedure {#sec1.2}
------------------

### Positioning, Portal Placement, and Diagnostic Arthroscopy {#sec1.2.1}

The patient is placed in the lateral decubitus position under general anesthesia ([Video 1](#appsec1){ref-type="sec"}; [Tables 2](#tbl2){ref-type="table"} and [3](#tbl3){ref-type="table"}). Posterior, anterior, and anterosuperior portals are routinely fashioned, and disposable cannulas are placed. Arthroscopic examination is performed to detect all pathologies, and the Hill-Sachs lesion is addressed before all reconstruction procedures are performed. The arthroscope is inserted into the joint via the anterosuperior portal to observe the Hill-Sachs lesion. The size and location of the humeral head defect along with the width of the glenoid are measured to determine the on- and/or off-track properties of the lesion.Table 2Step-by-Step Surgical Procedure1. Perform desired shoulder imaging studies before surgery (e.g. magnetic resonance imaging and computed tomography, with 3-dimensional reconstruction). Measure the size of the Hill-Sachs lesion on the images2. Obtain a unicortical bone graft measuring 10 mm wide, 9 to 10 mm thick, and 30 mm long. Drill 2 holes through the graft approximately 15 mm apart3. Place the patient in the lateral decubitus position under general anesthesia. Create posterior, anterior, and anterosuperior portals. Observe the Hill-Sachs lesion from the anterosuperior portal4. Freshen the bone bed of the Hill-Sachs lesion and the area between the bone bed and rotator cuff insertion5. Insert 2 double-loaded suture anchors through the posterior portal to the bottom of the groove of the Hill-Sachs lesion, placed approximately 15 mm apart6. Insert the shoulder bone grafting instruments (guide pin, core bar, and trocar) through the posterior portal sequentially. Retrieve 1 suture limb from each of the 2 anchors out of the joint through the trocar to serve as guide sutures7. Insert the sutures through the corresponding holes in the graft. Push the graft along the sutures into the trocar. Pass the guide sutures through the respective holes in the core bar8. Push the graft through the trocar into the joint using the core bar. Release the graft from the trocar9. Tie 2 sutures in their appropriate locations to tether the graft to the humeral head10. Retrieve the remaining sutures from the medial to the posterior side of the graft and then through the infraspinatus tendon11. After all other procedures, such as anterior glenoid bone grafting or Bankart repair, tie the remaining sutures on the infraspinatus tendon to compress the graft to the bone bed via the tendonTable 3Key Points, Pearls, and PitfallsKey Points 1. Indicated in patients with recurrent anterior shoulder instability and a deep and wide engaging Hill-Sachs lesion (at least 8 mm deep and 10 mm wide) 2. Freshen the bone bed and the area between the bone bed and rotator cuff insertion 3. Complete graft placement and tethering before reconstruction procedures, such as Bankart repair, at the anterior side 4. Use bone grafting instruments properly 5. Realize graft compression through a remplissage-like procedurePearls and pitfalls 1. Should be performed with the patient in the lateral decubitus position, with the arthroscope inserted through the anterosuperior portal to observe the Hill-Sachs lesion 2. When preparing the bone bed of the Hill-Sachs defect, it is important to be gentle and remove a minimal amount of surface bone to avoid sabotaging the bone 3. Two double-loaded suture anchors should be placed at appropriate locations 4. When placing the bone grafting instruments, leave the sutures at the medial side in the posterior portal to facilitate future suture management 5. The suture limb from the distal anchor should be inserted through the distal hole in the graft and then the distal hole in the core bar, and vice versa, to prevent suture tangling 6. Primary graft fixation is achieved with 1 suture from each anchor, whereas compression is realized with the other suture from each anchor 7. When a demineralized bone graft is used, a cortical layer over 1 mm thick is required. Otherwise, the graft will be too brittle and easily broken

Graft Preparation {#sec1.3}
-----------------

Regarding the bone graft, both autograft and allograft may be used; we routinely use a unicortical allograft (demineralized or fresh-frozen). The cortical side is used as the superior side, whereas the cancellous side is used as the inferior side and faces the bone bed after plantation. When an allograft is used, a graft fragment measuring 30 mm long, 10 mm wide, and 9 to 10 mm thick is customized.

When an autograft is used, a unicortical iliac crest bone graft is harvested. Two 2-mm-wide holes, centered to the midline of the graft and placed approximately 15 mm apart, are drilled through the graft from the superior to the inferior side using K-wires ([Fig 2](#fig2){ref-type="fig"}).Fig 2Preparation of the graft. A unicortical graft fragment measuring 30 mm long, 10 mm wide, and 9 to 10 mm thick is customized. Two 2-mm-wide holes, centered to the midline of the graft and placed approximately 15 mm apart, are drilled through the graft from the superior to the inferior side.

Anchor Placement {#sec1.4}
----------------

The bone bed of the Hill-Sachs lesion and the area between the bone bed and rotator cuff insertion are freshened using a burr or curet. Then, 2 double-loaded suture anchors are inserted through the posterior portal to the bottom of the groove of the Hill-Sachs lesion, centered to the midpoint of the groove and placed approximately 15 mm apart ([Fig 3](#fig3){ref-type="fig"}).Fig 3Suture anchor placement. Two double-loaded suture anchors are inserted through the posterior portal to the bottom of the groove of the Hill-Sachs lesion, centered to the midpoint of the groove and placed approximately 15 mm apart (illustration of the left shoulder in the lateral decubitus position). (A) illustration; (B) arthroscopic view.

Grafting Instrument Placement {#sec1.5}
-----------------------------

The cannula in the posterior portal is removed. With the sutures kept at the medial side of the posterior portal, the customized shoulder bone grafting instruments (patent number: ZL 2014 1 0263721.1),[@bib17] namely the guide pin, the core bar with 2 longitudinal holes ([Fig 4](#fig4){ref-type="fig"}), and the trocar ([Fig 5](#fig5){ref-type="fig"}), are sequentially inserted through the posterior portal ([Fig 6](#fig6){ref-type="fig"}). Then, the guide pin and core bar are removed to leave just the trocar.Fig 4Three views of the core bar.Fig 5Two views of the trochar.Fig 6The trochar within the core bar.

Graft Placement {#sec1.6}
---------------

One suture limb from each of the 2 anchors is retrieved from the joint through the trocar to serve as guide sutures ([Fig 7](#fig7){ref-type="fig"}). The suture limb from the distal anchor is passed through the anterior hole of the graft, whereas that from the proximal anchor is passed through the posterior hole of the graft, from the inferior side to the superior side. Then, the graft is pushed along the sutures into the trocar. The suture limb from the distal anchor is passed through the anterior hole of the core bar, whereas that from the proximal anchor is passed through the posterior hole of the core bar. Afterward, the graft is pushed through the trocar into the joint along the guide sutures with the use of the core bar ([Fig 8](#fig8){ref-type="fig"}) and then released from the trocar into the joint ([Fig 9](#fig9){ref-type="fig"}). Next, the bone grafting trocar is removed and replaced with a routine disposable cannula.Fig 7Guide suture retrieval. One suture limb from each of the 2 anchors is retrieved from the joint through the trocar to serve as guide sutures, with all the other sutures kept at the medial side of trocar (illustration of the left shoulder in the lateral decubitus position).Fig 8Graft placement through the trocar. The suture limb from the distal anchor is passed through the anterior hole of the graft and the anterior hole of the core bar, whereas that from the proximal anchor is passed through the posterior hole of the graft and the posterior hole of the core bar. The graft is pushed along the sutures into the trocar (illustration of the left shoulder in the lateral decubitus position).Fig 9Graft released from the trocar into the joint. (A) Illustration of the left shoulder in the lateral decubitus position; (B) left shoulder viewing through the anterosuperior portal.

Graft Fixation and Tendon Compression {#sec1.7}
-------------------------------------

The 2 guide suture limbs are tied to their counter limbs, which are passed around the medial side of the graft, to tether the graft to the defect groove of the humeral head ([Fig 10](#fig10){ref-type="fig"}). The remaining sutures are retrieved through the infraspinatus tendon, as in routine remplissage, from the medial to the posterior side of the graft. After all other indicated reconstruction procedures at the anterior side of the shoulder, such as glenoid bone grafting or Bankart repair, the remaining sutures are tied on the infraspinatus tendon in the subacromial space to compress the graft to the bone bed via the tendon ([Fig 11](#fig11){ref-type="fig"}). After final intra-articular and subacromial examination, all portals are closed.Fig 10Graft fixation. The 2 guide suture limbs are tied to their counter limbs, which are passed around the medial side of the graft, to tether the graft to the defect groove of the humeral head. (A) Sagittal view illustration; (B) axial view illustration; (C) arthroscopic view of the left shoulder from the anterosuperior portal.Fig 11Tendon compression in the left shoulder. The remaining sutures are tied on the infraspinatus tendon in the subacromial space to compress the graft to the bone bed via the tendon. (A) Sagittal view illustration; (B) axial view illustration.

Postoperative Care {#sec1.8}
------------------

Computed tomography is performed immediately after surgery to confirm the position of the graft ([Fig 12](#fig12){ref-type="fig"}). Postoperatively, the arm is kept in neutral external rotation with a brace for 6 weeks. From the seventh week, passive range-of-motion exercise begins. Active range-of-motion exercise and muscle-strengthening exercise begin in the fourth month.Fig 12Postoperative computed tomography scans. (A) Cross-section of the shoulder after surgery, showing the defect filled with bony tissue. (B) Three-dimensional reconstruction of the shoulder after surgery, showing the graft.

Key steps of this procedure are outlined in [Table 1](#tbl1){ref-type="table"}, and key points, pearls, and pitfalls are noted in [Table 2](#tbl2){ref-type="table"}.

Discussion {#sec2}
==========

Hill-Sachs lesion is one of the most common pathologies of anterior shoulder dislocation. Several clinical and biomechanical studies have confirmed that engaging Hill-Sachs lesions are prone to recurrence.[@bib18], [@bib19] A variety of anatomic and nonanatomic reconstruction techniques have been developed to address large, deep, and engaging Hill-Sachs lesions, with both effectiveness and potential complications, such as implant failure, allograft nonunion, glenohumeral arthritis, and high medical cost.[@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16]

Various open and arthroscopic reconstruction procedures for Hill-Sachs lesion have been described. Yagishita and Thomas,[@bib20] in 2002, reported an open allograft reconstruction of large, deep Hill-Sachs lesions associated with anterior shoulder dislocation using a structural femoral allograft. Miniaci and Gish[@bib21] reported a larger cohort study in which 18 patients with recurrent anterior shoulder instability and large Hill-Sachs defects underwent osteochondral transplantation with a fresh-frozen allograft. During the follow-up, most patients regained full range of motion and reported no further apprehension or instability. However, several complications were detected, including partial graft collapse, hardware retrieval, and early radiologic evidence of osteoarthritis. Considering the potential complications of an open procedure, arthroscopic allograft reconstruction was developed. Chapovsky and Kelly[@bib22] described the case of a 16-year-old patient with a large Hill-Sachs lesion who underwent revision arthroscopic allograft mosaicplasty together with anterior capsular plication. Snir et al.[@bib23] introduced an all-arthroscopic approach for anatomic humeral head reconstruction with osteochondral allograft transplantation.

Arthroscopic remplissage is the most common treatment for a Hill-Sachs lesion. A large number of clinical trials and biomechanical studies have confirmed fewer complications, less recurrence of dislocation, and minimal loss of shoulder range of motion with this procedure.[@bib14], [@bib24], [@bib25] Although a systematic review, by Longo et al.,[@bib26] concluded that arthroscopic remplissage was the safest technique for the management of shoulder instability with humeral bone loss, an associated loss of external rotation precludes its suitability to all population,[@bib15] especially to throwing athletes.

The current technique is a modification of allograft reconstruction combined with remplissage. This modified procedure has several advantages: (1) simplification of graft preparation---only 2 holes are needed to be drilled into the graft; (2) simplification of graft fixation---nonrigid fixation using 2 sutures from the anchors; (3) use of the remplissage technique for graft compression; and (4) high feasibility---it takes a senior sports medicine surgeon 15 to 20 min to accomplish the bone grafting procedure.

Supplementary Data {#appsec1}
==================

Video 1The surgery is performed on the left shoulder. The patient is placed in the lateral decubitus position. The arthroscope is inserted into the joint via the anterosuperior portal to observe the Hill-Sachs lesion. The bone bed of the Hill-Sachs lesion and the area between the bone bed and rotator cuff insertion are freshened using a burr or curet. Two double-loaded suture anchors are inserted through the posterior portal to the bottom of the groove of the Hill-Sachs lesion. The cannula in the posterior portal is removed. With the sutures kept at the medial side of the posterior portal, the shoulder bone grafting instruments are sequentially inserted through the posterior portal. Then, the guide pin and core bar are removed to leave just the trocar. One suture limb from each of the 2 anchors is retrieved from the joint through the trocar to serve as guide sutures. The suture limbs are passed through the corresponding holes of the graft. The graft is pushed along the sutures into the trocar. Then, the suture limbs are passed through the corresponding holes of the core bar. The graft is pushed through the trocar into the joint along the guide sutures with the use of the core bar, and then released from the trocar into the joint. The bone grafting trocar is removed and replaced with a routine disposable cannula. The 2 guide suture limbs are tied to their counter limbs to tether the graft to the defect groove of the humeral head. The remaining sutures are retrieved through the infraspinatus tendon, as in routine remplissage, from the medial to the posterior side of the graft. After all other indicated reconstruction procedures at the anterior side of the shoulder, the remaining sutures are tied on the infraspinatus tendon in the subacromial space to compress the graft to the bone bed via the tendon.ICMJE author disclosure forms
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